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•••S" 
. fh® aM p»f»ssi©aal piot®g3?af&®r« &t tetaj IIST® 
at tbeir at®«fomg types ©f photograpliie- filsis ©f 
wlisX? Mtfmmmt eliamdtejri-stlgs^ tli® axioms wprk#ys m.j 
obtala. infoitnation concierning the mm® Ifflportaat 
tios @.f tfees# fiias f»s tte@ir ffiftmafa€t«r«», lat #ft©a tit# 
tata supplied ar# issufficient aat ia mmm. mMmm iBa#©tiritt#, 
Th© principal phLOtographic tr©p@3rti®S- ©f aay ©saliloa 
aaj iist©i ms 
!• %#«i « seasitivitf 
S. Srsia -Sim# aat -irasalaritf 
3« Color sensittwitf 
i. Contrast 
i,, Mtitttt# 
Tkmm® ^Topmtlm m.ww tr««atottsly for fliffereat films,. aM 
sill the @©lor »Bsiti*i.tr ©oasttsraily twt a gly#!! 
film in differest developers wi, mi,m dtffsreat esatitioag 
©f processing. 
ImamwftM# t»*®l.of@rs m® amilail# f@r fMotO'grapMe «s«> 
%h® Maamfa«%«ri@rs elaiiaing pli®itoffi«nal properties for tli«ir 
frota«t.g* fkmm miwfactttrers, komwrn'^^ proTid#' littl# or 
a® sf®@J.fls data, os tn© b«iiafior of tfwlml fil«#. la tMir 
dweliif®!'#, sat if data mm supplied mm @ft«a partial 
#r im©o.rr##t. 
@©a®lt«ratl©a ms 
%#• pwmMm im th# salens isfartlal e@«farmtiir© 
data ©a th® ^aaolafity mM spmm§,. of the »oir@ fspolar 
@ial film ia €©«lop@rs eat®? 
pwmmmi&B oonditions. 
il,. llfliw m LlfSAfOlE 
4* 
1* Sralm gi.ge aat gmaalayi^y 
Thm. iailviimsl si3.T«r graias of a pfc©%«gmftiie teposit 
tmvf ia sis# for <lifr«©at ©salsl©as., %hmlT areas 
maeyifig froa apfr0i:iiiat#iy Q.l i- 10-® ca*^ for gl©w pesitiT# 
SDulsioas to 1 i: 10""® for fast m®gatife tmlsicms* Goa-' 
sequently.,, laiiyl€ttal silwr -ar@ ©%s@rfabl# only in 
¥efy la^g# «®iifiQatl©as» mw&n at relatlT^lj saall 
atgaifixations, ©alargM .pesltlf® print# earhlbit a Sefxait# 
nonhomegaaeltj €tt® tli# gTOapiiig &f g.©¥«»l graias Isto 
to %'m superposition of s®wral grains in dlfferisat 
laf^s of til# «mlsiGa* This Bonhomogenmltf is ©©iimoaly fe-
fef»i to «s gyatHiaess m graaaia^ity t© distiagtiisl. it from 
the mttmet proAmeei, %y fell® reselatiao of iMivitual gralas. 
A. and !,» I^uat^r®. aaS A» a»|r«w@t^2 (gS, St) are o-t%®Xi oall®4 
tti® pio»®#irs o,f fia®-@rmi.ii piiotography beeaa#® ©f their im-
f^rtast iawstigatim# »t# in 19#4.. flief @®aeiut©t that tli@ 
siae et the g:rai».s Qt .p«lae#i. ®iit«r' is praeticallj iM@p©ii-i©at 
of t'lo developing ageats itssd aai of th® pitje«ss, 
'hu% lat#y th.@y ^©-p©rt#4 tiiat fampii«B.flsii@€iamia© ani. ainaomim 
0blorid© mm superior to ot.te« fifi«-@raia Aereloping ageat.s 
hmmmmm mt aliilitf t& mimmrnlwrn &pgr#«itaM® tttiuatitiss 
•of milwrn 
Oa tii#: hand, S. J, isliae# C41i la tii®' 
,ga» ym^' ttiat thm^ mim ef tfe# sllwir- graia is -iepeai^at 
the developer- mssd. Srsn mors sigaifieaiit wmm lis. ©%s#rfa-
ti©Bs» satft ^itie stMfing tli« €eirei«faiat process tlaroa^ a 
Microscop®, o" t&t of iMlfiftml siifst gyalas 
iat0 «3.mgt©w-
• Mt«'. ttiOi'&ttgKlf' imvitsfelgstia® tli® ^rtlatleaaMip l»#%w®«a 
graia «ai tli# <i©irelopm®at process, S* 1*. 
0» 1» E» 8««s 1381 «gy»#« wit& Liaii^ # •»€ :S@r®Wfi%s %h&% ii@i?-
saliy ti® d©Telop®r toes aot affect the grala slss«. 
*iaf liTely aat oonflictin^i inT@stigatlons on tjrain slae 
.aiift thm pro©.### foll##t€ tils werk, femt it 
w»s sot «fttil iilf that M*. B. Hodgson (18 J tiffftr-
#mtlatiA -gieala #1» sat g»iaia«s in • tto f 
imge. Sines tlie photographer iB mor® Mtli tli® 
gramaarity of the silver deposit tiiam with tti# sis# sf til# 
iBdivtimal ^ia,. tMs €if-f«#atittti©a, «o«s«t a aiw iat^i'stt 
ta fine-grain photography, resulting ia may InTestigatioaas 
of tli«#^@ti©al sM jpraatital wlm#, fh«# iavssti^tisss 
hswm skm& that tli# .grasaMi'ity of the photegrafbio im,g@ is 
a function %h». gis® ant t&# tistribntioa of iatiTitwl 
silver ^aifts., «at !• *» H* fSf | te# ••mm 
a tto#©rr «f gmSMlmmmm ia whim tiim -^iTrnt 
•r^latloaship graiaia@sg .g^mia, sis® is giwrn* 
•Qthm mL%kmm%ml iif©a ®ve»g# tmms-
fluctuatioa of a mnlforiily esi^sosM mmm haft %@#ii 
til#- mm fr©fos#4 fey 4# A* t©®ts, •ant 
W» ©• Gould (O) arousing fsi-tltnlai* 
i# fliQ Maauy^eat of 
mw hair# obtaitt®4 qmlitstlv® 
m 'thm ^p^siilsjft$r 
ialss fei' vi-simlly ©aiai-g^ae-ats ©at# from t&ea# 
, .ant wi^ lfl-#4 fc® tM# .^©li a astMcst 
©ffors s© quantitative inforE'iatiaa ®a€ ©ouli a®*®!- to# mliafele* 
M sf^»at proeMiare for s®as«riag graEalaritf tuaati-
tutifiilf i» t© s»fc® II .piifi## of ®alsrf@s©ats 
from a giirea amterial and to mse as an index #f ]^L#m2*#s@at 
th@ fflsgsifieatioB. 4t ^ieh th© m®nhomogeneity of the *t«ylal 
fiirat li#eoii«a This aetHod "^mlA M mmtXf &imm It 
r®t«ir@s a s@i"i©s of mmX&rgmBtitB for meli mteftal -asfi m" 
«ise® IMmm mprnmArn mpm wtmwlmg, ©©Mltleas ^leli 
might differ during obssrrations. 
Ml #quivalent laethod that resc»f@a «s 
4#v®l©ps4 fey 4# 5'®a®# aai: 1# ^eisoh (MM) in Ikey t«-
Ti@«€ MM appai^atas f©r a aagnifiet traag® at tlffmr^at 
MBtmmm aat assort ttet t&® gtmlaioftas tli® @£*#11 mtrnMl 
iM proportional t# tm Mstmnm at ^i®-li appmmmm ©f 
tg Jmst perceptibl# #®a-
titioap-. fwm frnm A* H«M.y «a4 %» 4» CM| 
gmggestet na tafrov©t %«cl:mlqus capable of »iM3fSaM@ preslsioa 
is, :^aiaiii«»» a@aaw®s«ats» aat is liSi 1, g* |tf} t#« 
seribad mmthm apparatus whicl femitted mrying m@ilfi@att6as 
at a coastaat Tiewing distance. A r@lated ,^t!iod tttilising 
m f-m bmlmmclmg tit®- affsy^at g»aalarity 
®f m smpXe mtmMml a^.isst that ®t mm mM^mw staaAari. 
«©mst«at •tt-sMttg, Mm %#«m 4is©as»t br 0» 1* 
Conklin tlie relati?® ffiasfMfication ©f tli# twe imges 
«@ iiset a® a. mmsixre of gsaiataems* 
fli« mla®@ foi^ graiais### «btaiaei. by th#a© aet^ots de­
feat ttfsii tUe Tisml multj &t %M mmrwrnT^,^ wki.&k w&rimB 
Mttmmmt mad fy«s tiss t# tim# tm a glwmu iadl-
fiiaai-* f& #li^ast# diserepancies ©au8€d hj Chang## ia 
Ti-8»Sl «e«itr*. 3"«®» msA Il#i.geli r#niii'-@d ttet the %tX#jyil.Eg 
t£sft«a#e tm t&« mterial mat®!' eonsidemtlea. be ^mpai-ed witli 
tMt ©f aa @ralala®»a standard sa<ib ai a 
lialf-tos« -smmm* 
Ob3®0ti¥« and abaolmt© mttliods for aiammrtag granwlafitj 
Msirs %mm& iewloped by S. ©.. Tlir®«tgoM A*.vaa Er©T@lt 
(g4|» ¥• Ronciii (55),, QQ®tz and Gould 111), and bat. 
sia©@ gimininess is a subjeotlTe liapr«.0si»a #a th# r®tiaa ©f 
tfe# @1*©, tt#s® m&tko&m failed t® gmfflaat tke stib|#0tiT# 
wtM©4« alNe-r®. 
tactogg affestiog granularity 
S&ortly after 'tis 4®*r©l®pB@at of tlie io'viaas persittiag 
aeonrate msasttr-eassts on ^anmlafltf a 
amouat of :res@a.i'#li oa the isoutrol of gralaiaess was @»it©4 
'"bj til# liTelf iiit@F©st of TOrl:@rs ifi tli® aetioa pi©tm?# 
j t t f m  
aat immm (14) fomd t&at tlie, graiaia@sa of a,pli©to-
gr&phi^ Isfosit t#f«ads upon tli«,density of tii&t deposit, 
aaximaii gi?aatila3?it|' oeeurrlaf mt •i.^iisltlMB of approximtily 
©.4* A eoa#ii.#mti.oa ©f tbe bIz& ant distrlMtlom of opaqft© 
clamps ot Milwmt pmias slowg, t&at t^>is resalt is rsasoaable. 
At'optieal Aeaiitlds of app^roxinately tlie spams , 
b©tw®en oiui'ps am werw larg# mmp&rei mith the size of tlx© 
el«ip0, and. at iiigli optical tensities,, tlie size of tlae 
elomfs are rmry l&rg^ mmprnmA /«i%b tbm mgima hmtimm elomps, 
tim gramMritf laast aee^ssarily a proaeh. »]r©» It is to Ise 
«p©0tM. tHat for soapl@t«iy ofatm«. gyaias aaximim gimntaaritr 
©cears at a tr'aasmlssio.a of ®#5 or aa dptisal fieasitj of 0*S, 
t ic teasity at wMeli t:ia« tetal area ©#©iipi#a tli© gr«las is 
J:mst ®taal te the total mm &t ta@ s|sas®a b@tw0®n graias. faa 
Kr@T©14 aBt Sohmtt&T {BS J, ttsljag th-oir ol>|aot£T^ metiiod of 
gmiBiaess m«asfflre»Bt, mpmrte^ tbat tba Mxifflaa gmaal-arity 
©f ©ertain materials. o@emrs at a deaaltj of apprextmatelj 
l.*O0. George 0* El£Qlm {17}, ©a tli# other laat, found tiiat 
mxiimm graamlarlty is. assseiated with 4#p®slts witii a density 
0l©#@ to 0.5• Tkmm Talaes mm tkac tfee thmm%i.ml 
falne 0f 0*3 s«gf0st@i afe©«, feM-fc it imB% fee rm®wlj®r®t that 
tlmt ¥al«e applies ealy for ©asflstel^  ofata® silwr ^aias. 
faa mm&M m& :Seti®ff«r ftS}, f» I., laglisii HQ), 
Sieglns Cif}, aM ©-fch©? investlga-fcers- Iists stiowii that graifll-
a#8-g iBQTmms with tfe® A@:gr«® of .€«*©lopmeat- ©r l^aaa. fMs 
laportant faetor was fi@ele<itet ia, #arly «M ia maaj reeeut 
lfl¥#stigatiojis oa prsinineas r©at@rlas tli©-'results 
worthies.#, 
f!ie iaflaeao© of froeessln,.;, conuitieas -* sm.-eii as 
mriatisii b®.tw«#a solmfeiQas, trnmpmrntuTm of 
wasMag., aat dryiag conditions — upon graiwtlsi'itf haf® be@ii. 
-seasiterei,, iwt; little ©oneltisi^e iata Mf© bsM. ©fetmlset. 
A. laiM i^aie |S1| refortst that mMem ^Images in t«afs»t-er@ 
and witelf w&vjime, tefiag eonditions liave BO ofesewable effeet, 
aM i» I. Crabtree |S} l^s suo^ested that mm laclfisat 
iatiea oftsa obse?¥#i is ©alargea^Kts »y be ai..stmlc#a for 
gralalo#gs» The maufaetttrer-s &iA msera i»f photograpliia mat®ir-
iais,. fe©ww0r,, issitat® to tteae fesults m ©eaolttsiir©. 
Fine-rjyaia tetelc^gaeat 
f&e ta®^©a®liig pofalarity of %hm miniatare eaa®ra has 
r«-«ilt@€ in tU© .j af n^mmm s©-©all©4 fine-grain 
iiiwl^icg sTsi-y inagSaalile type of dOT©l«#iftg 
ageat. 
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thm m&m iapertaat sstbois., tlieir aai disadfantagas, 
hmm been iesoribea hj 1. A, i"oa©i {SI}, G.. M» S@l3l#ttt |3B|, 
J:. 1* Mtek aad II. f. (30}-, aM otTier writtrs, Pliot^g-
m-phmm hat"® rgeoatiy hmmm^ entteslagtie mmr tb© miaistm tts®-
fiil grauit^rb fflstlicit* slue# tlie .qmallty of a repTOtestloa a@p©Ms 
mpoa tlie aMfasteristies of t!i© piiotegraphie sateirial 
father tMa upon thm defisitf aai siam Utis metlioi soasider® 
til© useful regioa ©f ttaderexpoBore m well as tii# limear 
pQTtlQu of til® eimracteristi© earr® in ei^s'esgljig sp©®4. Bi@ 
Maiaem las-eftil «posiir©, tliat at wliiefa the gradi©mt ©f tit© 
eMraet©irlstia eurr"© is « ©«i^ .aiQ. fra^tioB of thm saxlmcta 
.gmiieflt, is g®l©ot®4 aa tM# iM#i: for s.p«#4 ii«aa«r®»©iit» 
L, Jones aad K. 1. l*ise©ll Ct3) aM Clifton fattl® 
(411 Mv« l i s tM t i l©  a t faa tages  e f  t l ie  aa l  h&r& t©-
sigiiaA t®¥is©s for aeasuyiag ©amlsion si)©©ts froM p:r®par©t 
s©asitoia€styic5 strips# 
la spite ©f tfee advaatages of aetiioi aad the entiiti-" 
siaaa ©f %ke ptotegrapHsfs, wmvf littl© prastlaal tet§ on tke 
s®iisitivitf of fHotograplii© #aalsioas as t©t©miaM by tlie 
miniaiiBi msefwl gradient a#t!ioi hsT@ appeared la tlie litera-
At the praseat tia©, ii©w©v®r, it is gsaerallj belisTOd 
that tiais netliod will altlraat@lr so,ffla.at tMes# ncm existing 



























































aM is likely supplant thmm 
10, 'ttt-ir® mm iiftlft 4ata smilaM# m. %hm seasiti'rity 
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A .particular tila te fc® studied wtB plmmM. is m 
l#sl.ga-#t gif©» m s#ri#s ©f grat#t aa4 
under constant «®iiditions of trnmpmSktmrn mmA 
agitation. 
ia# m® m ll.glit-tiglit s#tal h&x %© 
axpose f&ar square e»atiii«ters of tli® fil® 4i»otly to tli« 
gottrse mf lllimiaatioa at ®asl mxmswmm, -Bi# llgfct somre# 
eosaistei ©f & 40 mtt,- 115 volt gimta iiiaf ©noloset i:a a -
#«paet housing' wit& a four eentlMter simr« '©femiag* ©is 
laaf was »«atei ia such a laansar Wmt onlj tiffus# ligMt 
rtfl^ntsi fr«i® tlie Yrtite inner walls ®f th@ tomslag e©Mlt 
wmeh tM ^Qmrnwa"^' :twc>m %hm laap. la #i€®r t© jPnyaisli m 
»&mm &t artifioial tayligMt for tli® eayesiaf^®-, thm ir®lt®g« . 
of tis.® laisf: ipus salatsiaiit mt llOi volts 1-y mmm ©f a 
yesi stance in mmwlmB iwitl « ISO volt storage tettery aat a 
tmm iaoli sqaair® wmhmw f& CAayli^t) Rattan filter plmmS. 
mmr tM®- a.p«rt«r© la tM fcemslsg,* la tli# film tli« 
imt#a®lty &t illiominatioa *# MM constant aai tli# tia# of 
«xp®»r# lii0r®a#@i i®®a®trl©allj ly a factor ©f tw&» 'fk# ex­
posure tlas was controlled by B««a« #f a. rotating s®@t#r lis® 
drivea %.f a Telechron syB#iiroaottg »tor at t&# rat® of oa® 
r©*oiatl«a f#r s«@oat* 4 S#^ la t&e 41s© •idLlo'Ptt 
ll^t t® pass throwgh tb# ap®rtar# im th# fesasiag f©r oit@-
tmmth ©f «ash r^volmtloa, giviag ea^QSwr#® of 
mmmrn mmh seteai. mmpMtm' affamtms fm 
•©•Xfeslag %*m filn ia ahmm ia figar# 1, lAil# tb# 4#$aiis 
Qf QomtTmtlon of tli« aai, tfe# li^t liomsiag «» 
•pl©ta2^@t ia ?ig«fes i aai. S* l««saas@ ©f' tb« wMsiy' Tarjing 
s^ngltiiritr of tii« films as©i, tli# intensity ms ia®,r#as©i 
@r te-©^f#as@4 f©^' Aiffeysat fiims fcy ebmgim t&t iistaae® 
from ta# mmTm to tli# ea»@ra, but for any gives fila t&« 
iateaaity «s maintained constant. 
fli@ «x|J©s«4 fila, ws itt ft stamtari ieltg Corr®x 
4®Teloping task aM aeTeiop«4 ia s. given aoltition t&r tli© 
Mae requirat to produce a ©f O.i at ths t«a5t#r6tar@ 
re©o2iiu©naea hr the manufacturer of the developer. Bmrlni 
4e«l®f»0nt thm filn was agitated oontinuoualy by a««s 0f 
mm #l®@tri©ftll,r Arif-en agitator wMsJi §iiiis@4 tla® mrmlmpixig 
r#el to wak# tw#lw oseillatxo^s p#r minute. 4ft®r tev©l©p-
a©nt tM® fila was In mt«r ®r in a «l«s stop 
Mth if W tli» Jtsmmfa^tttrer, fi:s®i ia an aeM 
liardening fixing bath tmstsaa ?«i| , msb©€ in 
ruiidiig wt«r,, ani Ariei.* Birougiiout ant amlli-
ary fr#e0#s#s tlia temperature of the selatioaif mmm fceld eon-
fitaat f© witMn hf mm&m Qt #oatr©JlM water hatks* 
lSf#eAaX ears was takea to strl@tlf to tli© inatrmetiisas 
#f til# m&Muf&Qtwt&T Qt film aai i©v@:lof®r ittri«« ali pmmmmm* 
*tkm ©paelty ®f #aeh. st«t oa tli® «#asltQm®trie strip was 
tk«a 4©t®rtti,s#t lif a«an# of %km ffe©tr©iiie e#ll i@a#itoa@t©r 
-k 
Figor® J u^ht MmBimg 
•"SO-
5i,st«r@€ ift figaaf® 4. A pyepaTOd W#at.eii ptotrofii© 
cell, w!ii#k psmittea, tie fils. te fe® pM0@€ ia #oiita©t wit& 
til® g»oa€ glass suTtrnm -of tli» ©@11,, g»¥®t as a eijfr@«t 
t& m lew .fesistance, s#agttt"f« ant lotthra^ 
ealmmdaetei* mbem tli® e©ll ms ill»miaat@i» f© asstir© Mrmt 
mm%m% hmmmm fil» aat e#ll «ii4 t# Immm t!i® a-g# &f tii© 
taa# fart of tlie ©ell t&T mil »adings, a toakelite plat# witli 
a .fiv« hj tmm alllls«t#r r#etaa@ila-3f' m^mrtwrm wa# prmmi. 
a^iast th© fa©# of tli« ©ell toy a s®t of spriags* fh.@ mmmm 
of llloaiaatloii w» a, i wit bulb «f©rat©t at 5»f§ folts 
fey s«aH.s mt a •ayiable jfeslgtaa#© ifi- mmtlmB with, a II© volt 
storage B«tailg of pliotroaio «#11 ©©astyttstioa ar© 
is Wi^m% S«. 
r&© optloal t«a»itr Sit ©aoii »t#f m the s«ii»J.t#m#tri0 
strip «0 obtalaed fey mmtwlng tit® sslmiiom«t#r t®fl@eti©.BS 
llgMt pa»s®t thramgti. tM @l«ar filii ant iA«a light pa,s®®a 
thmnPh tM® silv#r deposit asi ©aploy^iiig tii® t#flaitioa tor 
4#msitf, 
inoident light 
Btaaitf - 3-®6xo ted I'i glit 
Sias© the lllasiBatloa faliiag #a t&« filai. wmm eonstast, tto 
sMracteristic mrwB mB. iim«a Ijy pl^ttiag, teasiti- agaiast 
tl# l<»garitli« sf s^o-gmir® ti», aai tbe t%mtm 
t&v the atrip ws tiiea 4®termiaM Ifey tMe 
al»f® mt th,# lircai? portion of the curv©» 
-•Sl-
i l l  r 
• - »  f 
fipir© §• Photronia "ell Oongtrestioa 
Blmm ti 6 ehmmlml .f#g. fairi## tmT the 
4iffa»at filM, t&e ieasitf of tb-& f#g deposited m &@Mk 
gtrip w&s @©ffipafca€ tairiag tli# msm&u l&^Tittm Qf %he mti-e 
of tiae lietit tiirough m. waisvtlQpei,, ft»4, ant 
wa«}i@i. stx'ip t© tiiO light transxaitted tlromgk mm aa«spo.s#i 
pmtlmm of th# §imu strife 
Im the dotermination of »l«tiYe SMlsloa of 
til# filas in different developers, tli© «xf©sw« «.t wbitk tlie 
g»ii»st sf tb®' #k^3fa#t«?isti# «iirr«' mM Q*$ was. taksa. as a» 
i.at« of a#«sii^0a«at aa4 tli® mp&M of X2 
l.a MBtmm P-f6 ms itrMtmrily mm mitj* 
Ml otiier «a«lsiaii MpmAs wmm wltl. t&is vala© a.s 
a Btmd&rS. ly diTltinf ilis exposure mmmBpm&lug to a 
fyaftient of ©..S oa tii« ourre of th# staMari. by tJi# @^©.TO.y© 
©onr®BpQniiflg to th® smue gmiisat ©a the of tlie fi.l« 
mater s^iiMSemti^a.* 
fli.» granularity of tlie filias ms det«id.aM fey s va^ia-
ti^a ©f tli® aittiot t$gcribet ##bss aat. A. et 
p.li:ot«sl0ro.gfaflts with a mgiiification of 300 tiflnieteri ms 
pre^m4 tmm m yepreseatative portion d»f©.»it m emh 
g®s.siteastri.@ strip wim a, iemsitf #f apprei-imtelf •©•'4, aat 
tlies# w#ffe ©arefull^''- printed #a miato®r 4 glessy fap^r. 
Tkm prists w#y# ©aeposM -g© tiMt «11 apfearst t# tlie same 
t#asitr wiitm viS'Wt. from fe«yoai tlieir s^^rgiag iistances aat 
w#!^# a©f@l#pM t© tk© s«@ ooatmit m4@r ustfeim ©.©aditiGas 
@t processing, Tta© imeii square tesiti*®®, m©mat©t 
mf#a m wbit# m&A iiloslaatti for vie^sg, a» 
fietfflfai ia Figmr® 6, wMcli mh^wB tii# prints fto®t©g:papl®4 at 
4i,stwie«s t# latitat® tli«- Ii3.-#stiag tis-
taae® at wfeieh ®aoli piiotoaicrograpb Mmitt iatw a koa©g@a©@ms 
•©•r^a wa# tweaty ,raat#»ly •s«l.e#t-«t mmmTTBWM* 
T& #lislaat# ilff«®a.0#s la me Tisiial asmity tfe© ©bsenrsrs 
tli« gratalstss of ^mtaaa Super Xl €w#l.«p#4 im festaaa »«f-S 
wa# arMtmrlli- #li©s« as unity, aM tfee gi-aislnsss of @at,l 
•tep^sit waa witli this valti© as la st«iiia:r4 %j liTitiag 
tM© M.@a€ijig iistane® ®f %M •o^otorslQ-rQ'^mph of ttiat defoslt 
&y t&e M#a4isg tlstaaes of thm stmMaift* 
•fli© expmwtm tiase - €#agity iata fm tii# filas tested 
mVB glwm iia fell© II ia tti# ipfendix, aM tlie sMm®t©risti© 
plotted tata sli©*ii in Wigmm 9- 1 9 ,  
Cawes A, B., e, aat B ia #a©ii figw« r#p»-@s.«at tbe TO^iatiom 
©f teaslty witM exposure for a. givmu film ia 
Mgtmn D~76, ^staaa Ciiaaplia IS, aad &rr«y fff 
Pamtls@p«ii©j resf@«tiv#lF« f© pir»¥©at tli© oveflappi ig ef tli© 
©mryes tM« 4@a-sity ordinatss 'iaT& b#eo tisplaeed toy a eoa-
T«ai#at .asoiaat.. fie ©uttos a»- #oaslgt«atl^' aee«r&t© ia tim 
rsgloai ©f low ant meditia dansitj, femt ia g©a0 ms#g tfe.#r@ 
ar@ sllglit tl#«r®panciee la tk« r«gioa of d«e t© 
{&) mt t&m f©©t 
Cls,| Photographet at ©l^t tm% 
{s| Photogra.fli.®t at f##t 
figa» i.» mrnMrnA .tk©toaiw®,g?aplis 
the inQTmm^ arror arising f3?©s tMe saall faaatlty ©f ligiit 
tmasaittei at. tliese higher 4«a#i%l©s aa4 to Imym p®eal.layl-
tie J of certain es-iulsioas. 
Tile results of the studj, #f tl© foggimg sff#et ©f the 
i.#«lopers and %hm r^latiTe eiiHilsion sp@#i.B aat ^aaalarlty 
M the various filxas developed li i3-76., IK-gO, GJiaiapliii li, 
•asA Karvey fff mm ia I-A, X-B, I-S, and I-B, 
r@spe0tlvelj» fli# relative sp#e4s w#r® obtained iir@#tly 
from tb:@ .©fiaraetifristic ourv»:«, wkil« thm.tmlmmm far tl« 
relatif# grasttlarity are tli© m'vmr&gm of tli.@ s-fisaits ©f th® 
twentj observers shown Is Table III* f©r oonverdence &t 
study tHa s.aa® data on sfe#i aai ^asiaimesa mm 
la figuras f a»i. S» 
Table I 
Speei * Grainiiiess 
filss. A«T0lof«t la Mw%mm at 16® 0. 
Film 
:D@Yelopffi@ntj f 
; Tim® : Gainiaa • Density 
i • i 









Mttma iaaateale X 
Bastmam Plttt 1 
aiw itii arUii^  ««A. rfH:w ^  igrn' 
© *^0 1 ®«S9S 
'J I 
0,58 t 0»4E3 f 
S I : s 
I f»9' SiB.# » I «f «#•#» * 
I ' 'I " • 1 
I g,S alm» 
I i I s 
I 7 . 5  mill* I 0.59 : 0.304 i 
1 I s • f 
i 14.0 ala* i 0,59 I i*S4f i 
I •• I I • f 
I S«0 atat I 0.61 I 0*3S8 
i-,iO s ©•SfO 
i s 
I f»S sis* t 
# • • t I 
f 1$,0 aitt, 1 i,.SO $ • 0.S94 
I t • I " 
I g,0 Him* I 0.#© I 0.4?0 
I • • • I I 
i 10,0 ffila» I, O*§0 J 0,43£ 
|.'ll»0 ffilm. s OtiO I 0.4i$ 
f I • f-
t li,§ mim, t' ©••SO S Q.BU 










0.00 I t.S9 t 
, i : 
0,01 t i»gl i 
. I : I 
O.OS I O.Si' I 
, t I 
O.OS 5 1.67 I 
I I 
0,07 I 0.15 ? 
I f-
0.#l I 0,lf I 
^ ' i I 
0*10 i,i4 .1 
t I 
0.01 f §.01 f 
I I 
0,-0i j 035 I 
0*0& I O.fS I 
' * * 
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FILMS DrVf^LOr-'LD TO GAklMA O.^- iN: 
I  I  EASTMAN r -  TG AT iA°C  
RAlvrivIAN V'K-rO AT id"C 
CHAMLLIN AT 2:^.6" C 










LAJPOMT EASTMAN F.Af.TMAN EA5TMAN FA^'MAN 
3UPEP102 MiC".!?OF!i.r ' PAK • PU'5 ^L'l'FP 
ATOM v. X X X x: 




FILMS DE.VELOPEID "I'O GAMMA 
E-:A5"T" YAAhl 
1 N, f 
D- 7G AT le- C 
Dk^-eo Ar ie"c 
HAMTT-INJ !C 



























DUPONT EA5TMAN EA5TMAN 
'SUPEPIOK MICRO- PAN-
FILE ATOMIC K 
I'.A.^TM AN 
IV- -K 
figaip# aTOl»ln®s« tm%& 
If, DISCUSSION 
far ooriTeBxenoe £a *lb« discussion tlie fil»» mj 
tlTidsd into tto# gta«?§l groups, aasely, Cl| f&8% films 
witi relative speeis jrcater thsM ©»4, (t) fast 
films with speeds festwaen O.S a»i i,4, aai |S|- sl©w films with 
sp#stg l@sg tM& 'Qmt* A st.«ty of Fi^^ur# ? iadlestes timt 
latra Speed, Superior, Pirns taA Safer IX 
fall iato mom 1» fia®taa» Pli®iia#lrom«, aai Paaatosi# 2. into 
group S-| ant Micropan# Parpan, aM Misrofll# lato gr^^p S. A 
siniilar study of jfigure 6 mMwb im .g&mmml, ttm ««!« 
slOfas lfi,@lmt@t III. group 1 Imw th# eosrs©st atr«©ttt.r«, 
feli®:s© ia gr&mp S slightly l#si graiaiii«s,8, aai. tli# sMw ««il-
si-«as .©f ifdaf 1 t®#it#il|- fiamr gmia straetar#. Of o#«PS#., 
t&# ti*lsi©as fe#tw«ii mrm B&t mhrnp, mat ttier® mm 
mmmpilms to tMa g@a@»ality,» Wm flms X Mb a 
granularity cmpaafel© te the fllas of gr©ttp g mM Parpaa, 
.aa.exceedingly slew erculsion, Mb m m^sm gmin Btrmtum, 
fhm Miftmrnem la ^asslarity froiiie@4 hj %h® f©«r 
deT©lop©rs is « given fila. mm only gli#it la edaparisoa ^tli 
tlie ioMmmat Mtjtmmmmm a®.o,ag tii^ mrlwa films, Tim rela^^ 
tlT@ gmlniaess obtainet «i.t^ X^&Q MTwmj fft is definitely 
l@#s than tliat produced by D~76 fsr all tli« filss mt gr©mp 1, 
feat tli«s© i.mmlmpm'm mem t««M«dlF 1#S:S for tto® 
-ss-
fllss of .g aat S-, th»s« @mmlai©aa sligfet €iffer­
rates ia tsiislty mat mmtmst aay e€»pl«t#lr ©fesettr© t&® 
mftmts of til® developers * la all ®ms#s 4®e,yismie€ graiaim#ss 
Is. ©air'at tli© mQTifim'Qt «ttlsi©a s.p#@i» 
IKiese results »e la agreement with tiie *o^k of tsb WtmfmXA 
and S§hmffm |.S5| ant Higgins (17}, who t©fiaitely eoaelmtei 
that fiiie-erain developers w®m mm ia mAmimg 
grauttlaritj in fast, coarse -gmin tbaa is. sl#w., fia® 
m.m. tho films a*® devolopea to a 0*4, SItamplin 
IS is ia^ffectiv# ia y#ia©ia« In mm&ml ems#s 
tMe .^anularity is actually tiiaa tfeat produced tof 
D-f§, particularly with, the fast coarse ^aia emulsionsj la 
thmm ©as®#, 'mwrnwrnr^ %hmm mm mTrmsp^m&ing ia@»as€s ia 
@ff©fttiv# ®aalsi©B Sf@et. ine ievelopsent tim«s 
hf QMmpXim 111 mm iagiiffioi^at %•© fKsttta# a p-m^tieal ©ou­
tlast at tli« t0sp®ratnres suggested, aat uEd@r tfe©s# ®©atitl#a,p 
a, fine giai structure is obtained at t&e expense of @©jat»st 
ami tmml 
Tue fegglag effect ot tha different €«f®10f@r# irarl#s 
e©iisit©m%lj, thm f©g froa,uo#i t>y M*t0, Qhsffiplla 16, aai 




The results of this investigation m t&© granularity 
am€ ®f ^ml&m tym^ -©f pMt©-^apMe filas imtisat© 
that I 
-1* im by fia®-gmia 
ar# ©al,f" sS-lglit in oompariscm with the- MUmmt 
am©ag tht Tarious films. 
t, fis#~g?sim MTm mtfm&tlm is .relmelmg %hm 
gmiiularlty »f fa»t, c«arse gfmin eaalsions. 
3, fias-^aia AoTeloperi a» ml? sligiitly im 
redueinc tlie gjranularity of slow, fiae 0PB.in @milsl«>as^ aaS 
slight differences in densit m contrast m&j oU-
&mm %ht« ©f %h» €»©l©t#»* 
4» Reduoed ^granularity ma fe# obtaiaM oaly at tli® saeifi-
f:ie« ©f #ff®#tiir9 mulsloa 
5» .gfaiwilsrity mi obtaiiiet at tlie ©xpease of 
soatast and tonal quality. 
•§• 'fli# fs^iag o# fias-gralii ig .greater 




In tliis iiiYestlgatioa %li® granularity ami df th® 
sftjf# popular coriTieroial filss aeveloped in typical deTOlopeys 
w«® feoBt. t&a%^ tk© 
a.ifferen0#i la grainularitj' proitt©«t 'bj tli# wsre 
^11 ia <3oap®Flsos witli t&e isfe©»ii-t tirfsr®as@s amsag th® 
mriotis films* Csrtatii £i.B.e-graln d0T©lopers *«r@ ©ffsctiT® 
ia rMueing tl© eraimlarity ef fatt,, e#MS« g^aln tmalsleiis, 
tettt only at tli« saorific# t^t effective ssulsioa fhes© 
t#-reloperg, " o/er&T^ were mlj alielitly effeotiv# ia 
til© ®paaalarity mt slow, tta© ^sia ©malsi^Bs, smll diff^f-
«a§@# is t#asltf or contrast obsouriag tli# #ffeets 
©f til# S^tslQf ers. 
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EASTMAN MICROFILE 
DEVELOPED TO GAMMA 0.6 in : 
A. EASTMAN D"T6(2.0 M!N. AT IS'c) 
5. EASTMAN T>VrZC{Z.^ M!N. AT !6°C} 
g, CHAMPLIN !6 (2.5 M!N. AT 22.6°G) 
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DEVELOPED TO GAMMA 0.6 in : 
A. EASTMAN D"T6(r2.0 M!N, AT !8°C) 
B. EASTMAN Dkl-COcN-E M!N, ATF 16°C) 
C. CHAMPLIM !€>(!e.O M!M. AT CS-e-^C) 
d. hapvey ttt panthlkmic(9.l m!n. at z3°c) 
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E.,A5TMAKI TAIPZVI XX 
DEVELOPED TO 6AMMA <:>.<& in : 
A. EASTMAN D-76 (l3.B MIN, AT !6°c) 
B. E.ASTVIAN DK0-c'O,Crr,O MIN.AT K^°C) 
C. CHAMP-'LIN (lD,D MIN, AT 22,8°C) 
D. HARVEY 777 PANTHERMIC (lO.O MIN. AT 23°C) 
C,3 O.g. 1.2 !.3 \.& 
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fipiy® 19» QtmmQtMTietiQ Gtirres for Matm&n Super XI 
mi 
QmlBlm&'B Data 
4*„ filss^ iwelopea. t© ^lais t»i ta B-fi al 16^ 0* 
•  " ' #  Ot?i®«rr0y 
f""" r""" ' • s '• " "s^" " "  *4 f y . . .  
« 
Fiasfsa • J 0.81 0.96 0.78 0.97 0.64 0.80 0.86 0,93 0.85 0.96 
A^a ; o»06 0.S7 0.89 0.09 0.7S 0.96 0.77 0.97 0.93 0.96 
Agfa Superpan Suftlttt: 0.94 1.00 0.91 0.99 0,83 1.05 0.83 1.02 0.88 0.96 
Mim mm' mmi : 1.01 1.09 1.05 0.97 0,97 1.41 1.09 1,22 l.M 0.98 
0upont iiiicropan 0.75 0.59 0.69 0.78 0.73 0.75 0.77 0.87 0.88 0.83 
Dupont Parpan 0.©2 0.91 0.91 0.08 0.89 0.91 0.91 0.93 0,99 0.94 
Dupont Guperior 1.14 1.19 1.09 1.09 1.00 1.14 1.23 1.30 1.17 1.10 
0.57 Q.m 0.55 0.58 0,53 0.41 0,63 0.60 0.63 0.60 
^s'taas -Fasateal# 1 0.91 0.83 0.87 0.81 0,89 0.82 0.83 0.83 0.85 0.01 
^st*a ?lms "1 C.88 0.63 0.87 0.75 0.86 0.80 0.03 0,90 0.83 0,94 
ms%m&a inftr M 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 
•' •• 11' M ir" XS ""'••'If'"" 1
 
' • M • 
Agfa Finopan 0.9E 0.85 0.72 0.98 0.7S 0.87 0.82 0.05 0,69 0,79 
Agfa Pl#aaohr©me 0.87 0.85 0.86 0.93 0.65 0.97 0.98 0,92 0,74 0,87 
Superpdtt Suprsie. l.OS 1.02 0.97 0.85 0.84 1.01 1.09 0,88 0,74 0,90 
Agfa Ultra Speed 1.16 1,13 1.03 1.07 0.93 1,08 1.13 1.07 0.74 0,99 
Dupont Kicropan 0.95 0.S6 0.70 0.78 0.62 0.82 0.87 0.78 0.56 0,63 
Dupont Parpan 1.16 0.97 1.06 1.10 0.S7 1.05 1.02 0.99 0.79 0.94 
Dupont Superior I.IS 1.17 1.08 1.34 1.08 1.21 1.10 1.09 1,05 1,05 
Sastnian Microfile 0.6g 0.63 0.64 0.67 0.54 0,63 0.74 0.58 0.36 0.56 
Sastraan Panatoraic X 0.90 0.88 0.95 1.00 0.81 0.84 0.90 0,89 0.79 0,90 
lastaan Plus S 0.90 0.9a 0.93 1.00 0.87 0.90 0.98 1,01 0.62 0.91 
Eastisan Super XI 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
,i 
Toible .III 
B-, filag, to gaam e,i Im DS-SO et 18® Q.* 
Film 
' * 
* • iihaerw^T 
" • 'r W :" . •'•' • 5 Ij^. , 1 l.K '••••"S "" u 
ft 
Agfa Finopan 0.91 0.89 0 ,65 0 .84 0 .7S 0 .77 0..86 0 .97 0.6g 0.94 
Agfa Pleaaoiiroa# »• 1,08 1.04 0 .95 0 .84 0 .86 1 .05 0.77 0 .97 0.89 0.95 
Agfa Saperpaa Supreas©!' 0,99 0.78 0 .85 0 .73 0 .72 1 .00 0.S3 0 .90 0.8S 0.S3 
Agfa tJltra Speed * • 1.09 IrOg 0 ,m 0 .93 0 .89 1 ,B9 1.09 1 .10 1.05 0.96 
Dupont Mioropan 1 0.83 0.56 0 ,75 0 .73 0 .75 0 .70 0.60 0 .07 0.02 O.BS 
Bupont Parpan i 0.'9S 0.70 0 .87 1 ..03 0 .9S 0 .82 0.91 1 .03 0.9S 0.96 
Dupont -fiuperior 1.12 1.04 1 .11 1 .06 1 .00 1 .05 1.20 1 .SO l.OS 1.06 
JSastmas Microfile • « 0.60 0.56 0 ,60 0 0 .58 0 .45 0.63 0 .63 0.55 0.60 
Mstmn PanafcoBiic X • « 0.81 0.70 0 .84 0 » f M 0 .S6 0 .73 0.77 0 .83 0.93 0.85 
last»n Flms 1 « 0.8S 0.76 0 .82 0 .81 0 .86 0 .33 0.84 0 .83 0.70 0.83 
3astnan Super "CX # « 
I 
0.88 0.65 0 .87 0 .36 1 .00 0 .89 I.00 1 .03 0.79 0,01 
J 14' li ' I ' f "  '  li'; • :: W ' ' :  
Agfa fiaopan 
1 
0.87 0.86 0 .77 0 ,88 0 .76 0 .87 ,'0.-90 0 .75 0.69 0,83 
Mfa Plenaohroiae 1.00 l.Og 0 ,97 1 .00 0 • 9S 0 ,95 0.93 0 .79 0.74 0.90 
Agfa Saperpan Supf#®®! 1.03 0.98 0 .89 0 ,88 0 .87 0 ,90 0.85 0 .74 0.74 0.85 
,i^fa tJltra Speed !• 1.13 1,09 0 .97 0 .95 0 .97 1 .03 0.91 0 .9S 0.9g 0,95 
DupoDt Mioropan 1 1.00 1.00 0 .73 0 ,Si 0 .78 0 .8E 0.85 0 .77 0.56 0.69 
Dupont Parpan S 1.10 1.00 0 .07 1 .06 0 .92 0 .95 0.87 0 .8S 0.87 0.89 
Dupont Superioi* •* ' » 1.10 1.15 1 .06 1 .39 1 .05 1 .03 1.00 0 .95 1.00 1.04 
IMstman Mcrofil# 1 0.66 0.64 0 . 6<4: 0 .68 0 #54 0 .66 0.77 0 .58 0.38 0.55 
Eastman Panatoaie 2 1 0.84 0.81 0 .81 1 .04 0 .81 0 .87 0.93 0 .63 0.79 0.69 
Sastmn Plus X J 0.7f 0.77 0 .97 0 »QS 0 .81 0 .90 0.87 0 .09 0.62 0,74 
lastma Super SI » 4 0.97 0.85 G .97 0 .90 0 .92 0 .95 0.87 0 .74 o.eg 0.88 
! 
fafele 111 iO©Etitta©t| 




* 1 0,81 0.05 0.76 0.69 0.54 0.73 0.74 0.87 0.86 0.96 
Mfa Plenaciirom® 1 0,M 1.00 0.87 0.77 0.75 1.03 0.30 0.93 0,89 0,94 
Agfa Swperpsa SvLprmm: 0.91 0.65 0.89 0.75 0.72 0.95 0,77 1.03 0.92 0.90 
Agfa Ultra Speed i 1.04 1.34 1.02 1.06 1.05 1.14 1,09 1.17 1,21 1.10 
Dupont Micropan #. 0»88 o.?o 0.80 0.93 0.79 0.73 0.83 0.97 0.92 0,88 
Dupont Parpan #- 0.8S 0.61 0.87 1.00 0.86 0.77 0.91 1.03 0.82 0,92 
Bupont Smp®rlor • 1.14 1.17 1.13 1.16 1.00 l*g3 i.gs 1.33 1.04 1.13 
Sastmn Mierofile t 0.52 0.43 0.56 0.62 0.53 0.45 0.56 0.60 0,60 0,54 
Mstaan Pamtoaic X f: 0.91 0.91 0.91 l.OS 0.^7 0.89 0.86 0.97 1,02 0,98 
lastsaa Plus X 1 0.94 0.96 0.94 1.00 0.9B 0.93 0.94 0,93 0.90 0,90 
Sastaan Sapsr XX »-k 
t 
1,01 0.91 1.02 
" 
I.IB 1,14 0.93 1.11 1.17 0.96 1,06 




* 0.90 0.85 0.86 0.85 0.84 0.90 0.9S 0.70 0.69 0.72 
Agfa Pleaaohrome t 1.00 1.00 0.95 0.95 0.97 0.92 0.89 0.79 0,74 0,82 
Agfa Stiparpaa Suprea®! 0.95 0.96 0.86 0.91 O.Sl 0.96 0,9S 0,90 0.79 0.80 
Asfa Ultra Speed f 1.24 1.06 1.11 1.17 1.08 1.10 1.14 1.05 1.00 1,04 
Dupont Micropan 1 1.05 0.97 0.92 0.88 0.8a 0.9S 0.80 0.S6 0,79 0.80 
Bupuiat Parpaa t 1.05 0.99 0,95 0.99 0*89 0,95 0.9S 0.78 0.87 0.85 
Dupont Superior 1 1.16 1.14 1.14 1,B2 1.05 1.00 l.OS 1,14 1.05 1.11 
Mstmac Mierofile i 0.63 0.52 0.56 0.59 0.54 0.63 0.64 0,66 0.36 0,55 
lastsan Panatoaie 1 1 0.95 1.04 1.00 1.18 0.87 0.90 0,98 0.81 0.79 0,85 
&t8tBaa Plus X 1.00 l.OS 0.86 0.90 0.96 0.95 0.95 0.92 0.79 0.96 
:&8tiian Super XI •« • 
n 
*. 
1.18 1.13 1.00 0.96 1.00 1.05 l.OS 0.,,f6 0,92 1,01 
faM# III iSostlattei) 
Films SeY®l©fet to ga»a 0## ia tM:rv©r fff tantli©»te at SS® 
* 
.  » 
•'•i|' 
•io' 8 •f '¥ '•  "I f 6 "•"f 
* 
Agfa Fiaopaa t 0 .94 1 .00 0 .84 0 .84 0 .64 0, >75 0. 77 0 .87 0 .85 W .88 
4gfa Plenacliroiae ; 0 .8? 0 .74 0 .82 0 .68 0 .75 0. .95 0, 77 0 .90 0 .81 0 .85 
Agfa Siiperpatt Supf«e: 0 .92 0 .94 0 .93 0 .94 0 .75 0. 36 0. 83 0 .97 0 .88 0 .94 
i^fa Ultra Spe®4 ; 0 .99 1 .15 0 .90 1 .13 0 .92 1, .09 1. 09 1 .10 1 .05 1 .06 
Dupont liieropan : 0 .70 0 .54 0 .76 0 .81 0 .79 0. ,68 0, 30 0 .80 0 .70 0 .81 
Dupont Parpaa : 0 .80 0 .59 0 .87 0 •*88 0 .81 0. .75 0. 91 0 .93 0 ,86 0 .88 
Dupont S'uperior ; 1 .14 1 1 .11 1 .19 1 .00 1, .09 1. S3 1 .37 1 .02 1 .17 
lastisan Kierofil# t 0 ,57 0 .48 0 .58 0 .53 0 ,58 0, .43 0. 63 0 .57 0 .65 0 .5S 
^stmaa Panatomio i: i 0 .83 0 .74 0 .86 0 .88 0 .89 0, .8E 0. 86 0 .63 0 .70 0 .90 
lastmn fins X t 0 .78 0 .61 0 ,84 0 .87 0 .78 0. .77 0. 66 0 .87 0 .79 0 .79 
lastiaaii Smper XI : 
• 
0 .94 0 .78 0 .95 1 .09 1 .08 0, .86 1. 03 1 .07 0 • 86 0 .90 
1 'H JM. • ' 'IS'" •• m 3 IS' 1 18 If 
t" 
.fi£:fa Finopan i 0 0 .80 0 .81 0 .87 0 .81 0 .64 0. 80 0 ,77 0 .74 0 •85 
Agfa Pl^aaehroittd i 0 .79 0 .91 0 •86 0 .93 0 ,QZ 0, .91 0, 9S 0 .77 0 .74 0 .86 
Supsrpaji Suprti^ j 0 ,9S 0 .87 0 .83 0 .85 0 ,96 1, .00 0. 87 0 .64 0 • 79 0 .96 
Agfa tlltra Speed i 1 .SI 1 .11 1 .08 1 .IS 1 .01 1 .03 1. 00 0 .88 0 .79 1 .04 
Bupoat Mieropan i 1 .03 G .99 0 .83 0 .78 0 .85 0 .90 0. 82 0 .67 0 .56 0 .80 
Dupont Parpan t 1 .03 1 .00 0 .89 0 ,m 0 .91 0 .97 0. 9E 0 .82 0 .79 0 .90 
Dujjont Superior i 1 .31 1 .08 1 .07 1 .27 1 .09 1 ,18 1. 08 1 .03 1 .05 1 .11 
Eastman Mlcrofil© t 0 .63 0 • £>3 0 • 67 0 .55 0 .57 0 .61 0. 72 0 • 60 0 .38 0 .53 
Sastiaaa Paoatesiie 1 t 0 .90 1 .04 0 .95 1 .01 0 .84 0 .95 €)•  to 0 .77 0 .74 0 .94 
Eastiuan Plus X i 0 .87 0 .8g 0 .81 0 .81 0 .76 0 .90 0, 7f 0 .73 0 .63 0 .91 
Eastman Super M ; 1 .IS 0 .99 0 .83 0 ,S7 0 .89 1 .00 0. m 0 • 93 0 .74 1 .00 
